Rodents experience hippocampal damage after status epilepticus (SE) mainly in pyramidal cells while sparing the dentate granule cell layer (DGCL). Hippocampal damage was prevented in rats that had been preconditioned by brief seizures on 2 consecutive days before SE. To identify neuroprotective genes and biochemical pathways changed after preconditioning we compared the effect of preconditioning on gene expression in the CA1 and CA3 pyramidal and DGCLs, harvested by laser capture microscopy. In the DGCL the expression of 632 genes was altered, compared to only 151 and 58 genes in CA1 and CA3 pyramidal cell layers. Most of the differentially expressed genes regulate tissue structure and intra-and extracellular signaling, including neurotransmission. A selective upregulation of energy metabolism transcripts occurred in CA1 pyramidal cells relative to the DGCL. These results reveal a broad transcriptional response of the DGCL to preconditioning, and suggest several mechanisms underlying the neuroprotective effect of preconditioning seizures.
Introduction
It is well established that organ damage induced by hypoxia/ ischemia can be reduced by a prior brief period of ischemic preconditioning. Ischemic preconditioning also protects the brain against prolonged ischemia in rodent models and may attenuate stroke severity in humans (e.g., Simon et al., 1993; Weih et al., 1999) . In addition, several reports have shown that ischemic/ hypoxic preconditioning can protect the brain from seizure-induced damage (Kitagawa et al., 1990; Emerson et al., 1999) . Preconditioning against seizure-induced damage can also be accomplished by kindling or brief seizures (Kelly and McIntyre, 1994; Sasahira et al., 1995; El Bahh et al., 1997; Najm et al., 1998; Andre et al., 2000; Kondratyev et al., 2001; Zhang et al., 2002; Norwood and Sloviter, 2005) . Najm et al. (1998) observed that the neuronal damage after kainate-induced prolonged status epilepticus (SE) was reduced by about 70% in the hilus and the hippocampal CA3 and CA1 areas if rats were conditioned the day before by 1 h of kainate-induced SE. Similarly, previous amygdala kindling reduced neuronal damage after lithium/pilocarpine-induced SE in rats in some brain areas, such as the hippocampal pyramidal cell layer, amygdala and piriform cortex, but not in the hilus (Andre et al., 2000) . Optimum neuroprotection was achieved by administering two preconditioning episodes of kainate-induced seizures for 20 min each on 2 consecutive days (Zhang et al., 2002) . These rats were reported to lack neurodegeneration after subsequent SE, induced either by kainate or pilocarpine. Here we confirmed the neuroprotective effect of this preconditioning protocol within the hippocampus. Our main goal was to identify genes that might underlie the neuroprotective effect of seizure preconditioning. To this end, we compared gene expression profiles in the vulnerable CA1 and CA3 pyramidal cell layers and the dentate granule cell layer (DGCL), which is typically resistant to seizure-induced damage, in preconditioned and control rats. Although energy metabolism transcripts were upregulated in CA1 compared to DGCL, by far the largest number of genes with expression changes was, surprisingly, found within the DGCL. Prominent functional categories of genes affected in the DGCL include signal transduction, neural transmission, and tissue structure.
Materials and methods

Animals
Adult male Sprague Dawley rats (200-270 g) were obtained from Charles River. Before treatment they were handled at least once. Kainate was obtained from Ocean Produce International and was dissolved at 3 mg/ml in phosphate-buffered salt solution (PBS, pH 7.4). For preconditioning, on 2 consecutive days rats received kainate (i.p.) and after 20 min of behavioral seizure activity
